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Introduction
The debate about ecological limits and 'planetary boundaries' (Rockström et al., 2009; Steffen et al., 2015) has propelled forward the debate whether the economy will reach a non-growing, stationary state (D'Alisa et al., 2014; Jackson, 2009; Schmelzer, 2015; Steurer, 2002) . This is in conflict with the 'credo of unlimited growth' (Schmelzer, 2015, pp. 262-70) that was based on the notion of the economic circuit as a self-contained, 'perpetual' flow of exchange value, while the inevitable 'physical flow of matter-energy which is not circular' was neglected (Daly, 1985, pp. 279-81) . Gordon and Rosenthal (2003, p. 26) argued that in neoclassical theory, 'growth is a matter of taste', 'no more than preference between present and future consumption', and Robert Solow as a founder of neoclassical growth theory resumed that there is 'nothing intrinsic in the system that says it cannot exist happily in a stationary state' (Stoll, 2008, p. 92) . But some authors have argued that for structural or systemic reasons only a growing economy is compatible with economic stability. They claim that this lack of any viable alternative to growth creates a 'growth imperative', creating a conflict with sustainability. The word 'imperative' emphasizes that something is unavoidable: Beltrani (1999, p. 123) claimed that immanent systemic mechanisms exist that the economy has to grow to maintain economic stability, independent of the will of the economic agents. A (weaker) 'constant incentive for growth' caused by decisions of economic agents is called 'growth impetus' (H. C. Binswanger, 2013, p. 116) or 'driver' (Jackson and Victor, 2015, p. 39) . Beltrani (1999) , H. C. , M. Binswanger (2009), Douthwaite (2000) , Farley et al. (2013) , and Lietaer et al. (2012) locate a growth imperative within the monetary system, while Berg et al. (2015) , Cahen-Fourot and Lavoie (2016) , Jackson and Victor (2015) , Strunz et al. (2015) , and Wenzlaff et al. (2014) dispute this claim. The political relevance of this controversy is emphasized by some members of the Study Commission on 'Growth, Wellbeing and Quality of Life' by the German parliament: They suggest to study the different positions on the relation of growth, money, and credit to improve the basis for decision-making (Deutscher Bundestag, 2013, p. 794) . This paper adds insights to the question of whether a stationary state (with non-growing GDP, Gross Domestic Product) is feasible in a monetary economy, and may be considered as part of the emerging field of ecological macroeconomics at the frontier of ecological and post-Keynesian ideas (Berg et al., 2015; Fontana and Sawyer, 2016; Holt et al., 2009; Jackson, Drake, et al., 2014; Kronenberg, 2010; Rezai and Stagl, 2016) .
In the following, we review two different lines of argument and corresponding mathematical models from the literature. The central aim is to clarify why certain modeling approaches lead to a growth imperative and others do not. Section 2 outlines the role of money in different economic theories. Section 3 analyzes the arguments for monetary growth imperatives stemming from the existence of credit money and compound interest. This claim is examined with five post-Keynesian models of a monetary economy from the literature, some of which were explicitly designed to investigate this argument. The stability analyses reveal that the interplay of consumption decisions and interest income determines whether a stable stationary state exists. Section 4 critically reviews models locating the growth imperative within retained profits of private banks. Our analysis shows that they are based on inconsistencies and a discrepancy between the authors' intention in their text and their actual model. Section 5 presents results and conclusions, trying to help to resolve the controversy of whether monetary growth imperatives exist.
The Role of Money in the Economic Process
Neoclassical theories tend to assume that money is neutral in the long term, a mere numeraire or means of exchange, without significant differences to circulating commodities. It improves efficiency of exchange over barter but plays a rather passive role in the economic process (Anderegg, 2007; Şener, 2014) . Therefore, the impact of monetary issues on long-run economic processes such as economic growth is considered negligible, which excludes monetary growth imperatives by assumption.
A different perspective is the 'credit view' of money (Trautwein, 2000, p. 156) , i. e. the existence of credit money that is emitted via balance sheet expansion by corporate banks. The sum over all monetary assets and liabilities has to be zero, and the volume of credit relations is not controlled directly by the central bank but arises endogenously from market processes, so that investments can be made without prior saving (Holmes, 1969; Kumhof and Jakab, 2015; McLeay et al., 2014; Rochon and Rossi, 2013; Wicksell, 1898) . The significance of this finding is particularly emphasized in the post-Keynesian 'Monetary Theory of Production' (Fontana and Realfonzo, 2005; Godley and Lavoie, 2012) in the tradition of Keynes (1936 Keynes ( , 1973 : " [T] he level of output and employment depends, not on the capacity to produce or on the pre-existing level of incomes, but on the current decisions to invest and on present expectations of current and prospective consumption" (Keynes, 1936, p. xxxiii) . The resulting models are therefore driven by effective demand (see section 3.2).
exponentially, obeying the abstract laws of mathematics' (Farley et al., 2013 (Farley et al., , p. 2809 because of 'compounded interest' or 'interest on interest' (Lietaer et al., 2012, pp. 100-1) . This would imply that 'the economy must grow continuously if it is not to collapse' (Douthwaite, 2000, p. 6) . The central argument along these lines is that interest dues increase debt claims exponentially and therefore liabilities have to increase in lockstep. The looming debt overload could only be neutralized by defaults and crisis, or mitigated by steady economic growth. Farley et al. (2013 Farley et al. ( , p. 2811 concluded that in a stable non-growing economy, 'money creation . . . cannot be debt-based and interest-bearing. ' Dittmer (2015) has critically discussed non debt-based money extensively, thus we focus on discussing whether a stationary state is compatible with positive interest rates. Do positive interest rates on money necessarily lead to accumulation of financial assets? If creditors spend their interest income for investments or consumption, money flows back into circulation and is available for repayment, so exponential growth of debt and deposits does not happen (Berg et al., 2015) . This possibility is omitted by those cited above arguing that positive interest rates are incompatible with zero growth for systemic reasons. Glötzl (1999 Glötzl ( , 2009 ) objected that it is unrealistic that creditors decide to fully spend their interest income, which is why credit claims increase and the collective of debtors is powerless to repay the debt. But note that this is not 'independent of the will of agents', but dependent on consumption decisions of those who achieve income. Only if agents decide to increase their money stocks permanently and boundlessly, no stationary state can be obtained. The conclusion is that the relevant condition for a stationary state is not interest rates, but the aggregate net saving ratio and net investment to be zero, i. e. the proportion of income which is saved and invested on top of replacement investment. The relation between income (from wages or interest) and consumption can be studied in post-Keynesian models.
Insights from Post-Keynesian Models
The theoretical foundation of post-Keynesian economics is the principle of effective demand, taking into account the monetary economy (see section 2). Jackson and Victor (2015, p. 44 ) 'found no evidence of a growth imperative arising from the existence of a debt-based money system' in their model, because simulations converged to a stationary state. Cahen-Fourot and Lavoie (2016) came to the same conclusion, emphasizing that it is necessary to include consumption out of wealth to reach a stationary state, because saving out of profit has to be compensated. The parameter 'consumption out of wealth' c v indicates the percentage of the stock of wealth of households at the end of one period that they spend during the next period. Both papers concluded that positive interest rates and debt-money are compatible with a stationary economy. Berg et al. (2015) provided a more nuanced view based on a systematic approach, further explained in Richters (2015) :
The stability analysis of their model showed that the question of whether a stationary state is stable depends on the interplay of interest rates and consumption parameters. If the interest rate is high and 'consumption out of wealth' c v low, a stable, non-growing economy is impossible. We will show in the following that this result can be generalized to other models, because they are based on similar assumptions about consumption and investment decisions (section 3.2). Sections 3.3.1-6 explain the methodology and provide five stability analyses of the papers by Berg et al. (2015) , Cahen-Fourot and Lavoie (2016) , Jackson and Victor (2015) , and, for comparison, chapters 4 and 10 of the textbook 'Monetary Economics' (Godley and Lavoie, 2012) . The results are jointly discussed in section 3.4.
Introductory Thoughts on Consumption and Investment Decisions
In all the dynamical models of this chapter, consumption C is composed of not more than three components, the first being a fixed autonomous spending c 0 (sometimes set to 0), the second being proportional to disposable income Y d (c y Y d ) or disposable wage income W (c w W), and the third being proportional to the net wealth of households of the previous period V (t−1) (with parameter 'consumption out of wealth' c v ):
The papers may use different notations (α 2 for c v ; α 1 for c y or c w ), but we harmonized them for increased readability and preferred to give them self-explanatory names. The old Keynesian argument that people 'increase their consumption as their income increases, but not by as much as the increase in their income' (Keynes, 1936, p. 96 ) is respected as c y < 1. On the other hand, Keynes argued that the 'marginal propensity to consume is not constant for all levels of employment, and it is probable that there will be, as a rule, a tendency for it to diminish as employment increases ' (p. 120) . This is not reflected in this type of consumption function: if consumption out of wealth or income is proportional to wealth or income, this means that average and marginal propensity to consume are identical.
If we look at the situation in Germany in 2003, we see that the saving rate out of national income indeed rises with income, from −10% for the decile with lowest income to more than 35% for the decile with highest income (Klär and Slacalek, 2006) . According to polls, the quartile with highest income had a saving ratio out of disposable income between 13 and 16% with a rising trend between 1995 and 2007 in Germany, while saving ratio of the poorest quartile went down from above 7% to 4% (Stein, 2009, p. 12) . At the same time, marginal propensity to consume was estimated to be significantly higher for wages compared to profit income in the G10 in the years 1960 -2007 (Onaran and Galanis, 2012 and the OECD in the years 1970-2011 (Hartwig, 2014) .
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Panel regression by Hartwig (2014) on a specific growth model yielded average saving out of wages (resp. profits) to be 0.202 (resp. 0.317). Both are higher as today's net saving ratios in the OECD (OECD, 2015b), but given eq. (1), consumption out of wealth and autonomous consumption reduce net saving: dependent on these consumption parameters, one may even reach zero net saving in the stationary state. In the following, we will therefore assume that households consume 80% of their wage income and 68% of profits, if possible: Some models assume a priori that consumption out of profits is zero respectively consumption out of wages is unity, or that a uniform consumption out of income c y exists. In the latter case, we assume that c y = 0.8. Note that in the models, profits are always distributed to households, while in reality, they may be retained and contribute significantly to saving out of profits.
In post-Keynesian theory, investment can be made without prior saving, a usual assumption in the presence of credit money (Godley and Lavoie, 2012; Graziani, 2003) . Having said that, in all the models investment by firms is determined by their sales: either directly (Godley and Lavoie, 2012, ch. 4) or indirectly via sales expectations (Berg et al., 2015; Godley and Lavoie, 2012, ch. 10; Jackson and Victor, 2015) . There is no autonomous investment. As government expenditures are assumed to be fixed, sales and investment (and the stationary state of zero saving and investment) are ultimately determined by consumption decisions by households.
Stability Analyses of Five Models
In the following five sections 3.3.2-6, we perform a stability analysis for each of the models. Before, we describe the mathematical foundations in section 3.3.1 and provide a rather detailed description of the process for one model in section 3.3.2. This is required for understanding the analysis of the following models, which are treated more briefly. Section 3.4 will provide a comprehensible summary of the results, focusing on the economic interpretation.
Methodology: Dynamical Systems and Stability Analysis
With the exception of the static model by Cahen-Fourot and Lavoie (2016) , all the models studied in this chapter are Stock-Flow Consistent models (SFC) 1 . They are examples of discrete dynamical systems, because variables change in each time step, indicated with the subscript t (see e. g. Kuznetsov, 2004 ). An iteration means calculating the value 1 SFC models are a class of structural macroeconomic models grounded by a detailed and careful articulation of accounting relationships. For a review on these models, see Caverzasi and Godin (2015) and the textbook by Godley and Lavoie (2012). of the variables in the vector x (t) based on the values of the previous period x (t−1) , with f being a function or map:
The stationary states can be determined by finding the fixed points of the dynamical system. A fixed point x * is a point in the phase space where the iteration does not change the values of the variables:
If a model converges to a well-defined stationary state, the existence of a growth imperative in this model can be rejected. In SFC models, a stationary state is reached 'if all stocks and all flows remain constant over time, and therefore inflows equal outflows' for all agents in the system (Berg et al., 2015, p. 13) . As an example, household's 'consumption must be equal to disposable income' (Godley and Lavoie, 2012, p. 73) . It is known from dynamical systems theory that a fixed point can be stable or unstable (Abraham et al., 1997, pp. 23-7) . A stable fixed point means that after a small perturbation in one variable, the model economy will be pushed back to the stationary state then called 'attractor'. In the case of an unstable fixed point, the economy will be pushed away from this state ('repeller') -which means that an economy initialized aside this point can never reach this stationary state. Note that an unstable fixed point (repeller) does not necessarily indicate any economic instability -it may also mean steady economic growth. In the following we will use attracting and repellent to avoid confusion with economic instability. To determine the stability properties of a fixed point, one has to consider the dynamic evolution of the system. In section 3.3.2, we will explicate the stability analysis for SFC models as described in Berg et al. (2015) and Richters (2015) using a simple portfolio choice model.
The stability analysis will reveal that each of these model economies has one single fixed point that can be attracting (economy reaches a stationary state) or repellent (economy never reaches a stationary state) depending on the chosen set of parameters. If a certain parameter is increased and the fixed point changes its stability and the system undergoes a sudden change in dynamics, this is called a bifurcation. The bifurcation threshold separates the attracting and the repellent region of the parameter space. The threshold can be calculated analytically for all the models analyzed in this paper, while more complex models may require to sweep through the parameter space numerically and determine for each set of parameters separately whether a stationary state will be reached.
In economic models it is further relevant whether a fixed point is meaningful: For example, GDP Y in the stationary state should not be negative. If the stationary state is meaningless but attracting, this generally indicates that the model is not properly defined. Figure 2 will help to clarify the steps of determining whether the mathematically determined fixed
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Simple Portfolio Choice Model by
The first model, namely the simple portfolio choice model provided in chapter 4 of the textbook 'Monetary Economics' (Godley and Lavoie, 2012) , consists of three sectors: households, government, and firms. For the structure of stocks and flows, see figure 1. Firms are modeled as passive agents that produce output in a pure service economy without any capital goods. Households can choose to consume their income or save it in the form of money or treasury bills 2 , the latter with a positive interest rate r b .
The consumption function is a variation of eq. (1) with autonomous consumption c 0 = 0:
with C consumption, Y d disposable income (thus after taxes), V (t−1) the wealth of the previous period. c y is consumption out of income, while c v is consumption out of wealth, two parameters between 0 and 1. Wealth V (t) is allocated to money H (t) and bills B (t) . In the book, wealth allocation is adjusted dynamically dependent on interest rate and income, but to improve readability, we assume that portfolio choice is given by fixed proportions:
with 0 < b < 1. The average interest rate paid on government liabilities is given by r = r b b. The government taxes income with a tax rate of θ and has constant government expenditures G in each period. Disposable income
Government debt instruments that mature in less than one year, here: mature in one period. If c v is below this threshold, the stationary state is repellent, and GDP in the stationary state is below government expenditures G, which is economically not meaningful. If c v is above, the stationary state is attracting and meaningful, and the economy converges to the stationary state. Note that the model structure guarantees that no attracting, but meaningless fixed points exist.
C plus government expenditures G), minus taxes, levied as a fraction θ on income. Therefore, the equation for Y is given by:
which can be solved for Y (t) to be:
Wealth V (t) can be calculated as
which yields:
This way, the dynamics of the system can be boiled down to a linear map of the form
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with m and n constant, depending on parameters (including government expenditure G). All other variables can be derived from this equation. V * is a fixed point following eq. (3) with x (t) = (V (t) ) if and only if
This fixed point is attracting if and only if |m| < 1 (Kuznetsov, 2004) . If |m| > 1, V * is still a fixed point of the system, but is repellent. GDP Y * in the stationary state can be calculated by eq. (6) and (9) to be:
which is consistent with Godley and Lavoie (2012, eq. 4.25) .
Because of the subtraction in the denominator, Y * can be undefined or negative as depicted in figure 2, thus economically meaningless. However, by design, the model economy does not evolve to a state that is not meaningful. This paradox is explained by the fact that if Y * < 0, the fixed point is repellent and 'pushes' the model economy away from it, which means that this stationary state can be calculated, but never be reached by iterating the model. If the model is initialized at any meaningful state with V > 0, government debt and interest dues grow unboundedly and the share of interest payments in total government spending approaches 1, not indicating a robust economic system.
What are the conditions for a meaningful and attracting stationary state? Y * is bigger than G, V * is positive, |m| < 1, and the fixed point is attracting if and only if consumption out of wealth c v is bigger than a certain threshold:
If c v is below the threshold, Y * < G, which is economically meaningless, and the fixed point is repellent. The threshold defined by eq. (11) corresponds to a change of stability, called bifurcation. It separates the stable and unstable region in the parameter space of c v and average interest on government liabilities r as depicted in figure 3 with tax rate θ = 0.4; consumption out of income c y = 0.8.
A numerical example for eq. (11) may help to give an intuition for this threshold. If yearly interest on government bills is r b = 5% and tax rate on income is θ = 40%, a household owning bills worth $100 will receive a yearly non-taxed interest income of $3. It consumes c y = 80% of this income, then $0.60 non-taxed, non-consumed interest income is left. This means that consumption out of wealth c v has to be at least 0.6% per year to compensate the interest income. In fact, as a fraction (1 − θ) of the consumption expenditures comes back as factor income to the households, these 0.6% have to be increased to c v = 0.6%/θ = 1.5% to compensate this income stream, as indicated with dotted lines in figures 2 and 3.
Why does the minimum value for c v according to eq. (11) drops to zero for r → 0? Non-taxed, non-consumed wage income could have the same effect as interest income and requires a rate of consumption out of wealth above a certain threshold, but c v > 0 is sufficient: By saving, net worth V is increased, while in parallel, c v V as a component of the consumption function grows until it is high enough to compensate wage (and in later models profit) income, and a stationary state will be reached. In contrast to profits or wages, interest income also rises proportionally with wealth -and if it rises more quickly than consumption, households' wealth stock will increase over time without bound.
3 Therefore, in the presence of a positive interest rate, c v has to be not only bigger than zero, but above a positive threshold according to eq. (11) for the stationary state to be attracting. This threshold increases with the interest rate. Berg et al. (2015) presented a Stock-Flow Consistent InputOutput model with households, multiple production sectors, and a joint sector including banks, central bank, and government. Households own firms and interest charging deposits, but no other financial assets. The consumption function is given by
which means that in their model, consumption out of profit and interest income is zero, because only a fraction c w of wage income W (t) is consumed within the period. Both add to the stock of wealth that may finance later consumption. Berg et al. (ibid., p. 19 ) could transform their model into a non-homogeneous first-order matrix difference equation:
Note that x (t) and n are vectors and M is a matrix here, different to the scalar form in eq. (8). If the absolute values of all the eigenvalues of the matrix M are smaller than one, the fixed point is stable (Kuznetsov, 2004) . The eigenvalue calculation was performed numerically and showed that the parameter 'consumption out of wealth' has to be above a certain threshold to obtain an attracting stationary state as in eq. (11), but they did no calculate the threshold analytically. This was done in Richters (2015, eq. 59 ) and yielded the following for the special case of all sectors being identical:
The dependence of c v on interest on deposits r is presented in figure 3 , using the following parameters: wages per output 3 This is also the reason why a consumption function of the type c 0 + c y Y d (with c 0 , c y > 0, see Godley and Lavoie, 2012, p. 78) is not sufficient to guarantee the existence of a stationary state.
Vereinigung für Ökologische Ökonomie · Discussion Paper 1/2016 unit ωλ = 0.25; markup φ = 1/3; thus intermediate sales per output unit 1/(1 + φ) − ωλ = 0.5; interest on loans and deposits r = r L = r M ; targeted inventory to expected sales ratio σ = 1; consumption out of wages c w = 0.8; tax rate θ = 0.4. As Richters (2015) showed, the stationary state may be repellent even if meaningful: The interaction of sales expectation and inventory targets can lead to 'inventory oscillations'. This may not happen in the model discussed in section 3.3.2, but we cannot rule out this case in the following sections. We restrict our analysis to the instability related to positive interest rates, which is equivalent to asking whether the stationary state is meaningful. While this may not be a sufficient condition for a stable stationary state to exist, it clearly is a necessary condition, and the one related to positive interest rates and a monetary growth imperative. Banks provide loans to firms, receive deposits by households (but can provide loans without holding deposits, which enables the creation of credit money), and hold government bonds and central bank reserves to maintain adequate levels of capital and liquidity (p. 35). Banks calculate equity requirements for desired net lending and distribute any additional profits. The authors intend to explicitly model statutory provisions such as equity and reserve requirements to show that there is no obstacle to reaching a stationary state. The consumption function is given by eq. (4), except that disposable income is replaced by a simple extrapolation of the trend over the previous period, which is not relevant in the stationary state. Jackson and Victor (ibid.) did not calculate GDP in the stationary state of their discrete dynamical model analytically, but we show in appendix A that this can be done, yielding:
For this to be bigger than G as a necessary condition for a reasonable stationary state, a minimal rate of consumption out of wealth c v exists:
The parameters used for figure 3 are: interest on bonds r B = r; tax rate θ = 0.4; consumption out of income c y = 0.8; capital to output ratio κ = 1; depreciation rate r δ = 0.0667. For κ = 0, the result is identical to eq. (11). 
For this to be bigger than government expenditures G as a necessary condition for a reasonable stationary state, a minimal rate of consumption out of wealth c v exists:
The parameters used for figure 3 are: average nominal interest rate on government liabilities r; interest on loans for firms r l = r for simplicity; targeted inventory to expected sales ratio σ = 1; tax rate θ = 0.4; consumption out of income c y = 0.8.
Static Model revisiting Cambridge and Kalecki equations by Cahen-Fourot & Lavoie 2016
The model presented by Cahen-Fourot and Lavoie (2016) is not a dynamical model, but simply a collection of static equations used to determine the stationary state, based on the Cambridge and Kalecki equations. It is assumed that after taxes are paid as a fraction θ of income, all remaining wage income is consumed, while a fraction s p of profit income (1 − θ)πY (π: profit share) and interest payments on government bonds B held by households is saved. At the same time, a fraction c v (consumption out of wealth) of net worth V of households consisting of capital stock kY and bonds B is consumed. In the stationary state, both net saving and net investment have to be zero:
Government expenditures are given by G, and as the change in government debt (G + (1 − θ)rB − θY) has to be zero in the stationary state, B can be calculated to be: 
which is consistent with Cahen-Fourot and Lavoie (2016, eq. 16). They argued that this proves that a stationary state is compatible with positive interest rates. But Y * is bigger than G only if
If c v is smaller, the model has no meaningful stationary state. As no dynamical model is provided, we cannot say anything about what would happen in this case. The relation is depicted in figure 3 with the following parameters: interest rate r; tax rate θ = 0.4; capital coefficient k = K/Y = 1; saving out of profits s p = 0.32; profit rate π = 1/3.
Discussion
The stability thresholds in the parameter space of interest rate and consumption out of wealth for the models in sections 3.3.2-6 are jointly displayed in figure 3 . For an attracting stationary state to exist, consumption out of wealth has to be above a threshold that increases with the interest rate in all the models, if tax rate and consumption out of income are kept constant. The thresholds do not depend on parameters describing reserve, equity or liquidity requirements, thus these parameters do not influence the stability of the stationary state. The gradients of the bifurcation thresholds in figure 3 differ between the models. The most important reason is that Berg et al. (2015) assumed no immediate consumption out of interest and profit income at all, Cahen-Fourot and Lavoie (2016) argued that wages are fully consumed, while the other three model assumed equal consumption propensities for all types of income. Obviously, higher consumption out of income reduces the need for consumption out of wealth in the stationary state. The second reason are capital goods (fixed or inventories): In Jackson and Victor (2015) , households consume out of equity, so if capital requirements are higher, consumption out of wealth is increased. Thus, a smaller propensity of consumption out of wealth is sufficient to reach a stationary state. In contrast, equity of firms does not lead to higher consumption in Berg et al. (2015) . In the case of Godley and Lavoie (2012, ch. 10), firms are financed only by bank loans. Higher capital requirements lead to higher interest payments to banks, higher bank profits, and ultimately higher household income. However, household consumption out of wealth does not increase in this case. Therefore, higher capital requirements push up the minimal rate of consumption out of wealth to maintain stability. If capital to output ratio and inventory to sales ratio targets are set to zero, the thresholds of Godley and Lavoie (ibid., ch. 4, 10) and Jackson and Victor (2015) do not differ anymore. These findings may provide an intuition why the bifurcation thresholds of the five models differ.
The result that consumption out of wealth has to be above a positive threshold for a stationary economy to be stable has not been recognized by Cahen-Fourot and Lavoie (2016), Godley and Lavoie (2012) , and Jackson and Victor (2015) . Jackson and Victor (ibid., eq. 50) sidestep the insight by adjusting the tax rate, raising it in extreme cases up to one if consumption out of wealth goes to zero. With this specification, the model is always stable. Godley and Lavoie (2012, p. 77) argued that the term consumption out of wealth has to be added to the consumption function, because without it, 'in models without growth, [. . . it] renders the model unstable ', and Cahen-Fourot and Lavoie (2016) agreed. This suggests that consumption out of wealth has to be above zero for a stable stationary state. Their simulations seem to confirm this result. But in their explicit models, Godley and Lavoie (2012, ch. 4, 10) as well as Cahen-Fourot and Lavoie (2016, eq. 16 ) overlook that the denominator of their equilibrium GDP calculation may become zero or negative, which is not a meaningful stationary state. The parameters chosen for the simulations were taken from the region in the parameter space where an attracting fixed point exists. The www.voeoe.de / dp1
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For the question of a monetary growth imperative, the results for the five post-Keynesian models are quite similar: It is neither true that a stationary state is impossible, nor that it can always be attained while interest rates are irrelevant. Positive interest rates do not systematically lead to exponentially growing deposits, because taxation and consumption out of wealth and income can dampen the positive feedback loop of compound interest. However, a stable non-growing economy can be attained only for certain combinations of parameters: The stability therefore depends on consumption decisions of both the creditors and recipients of income reflected by consumption parameters. If the fixed point of the dynamical system is repellent and no stationary state can be reached, the models show continued economic growth. Along the growth path, government consumption expenditures G as a fraction of GDP or total government spending (including interest payments) drop to zero, not indicating a robust economic system. As all the models neglect technical change, analyzing growth processes is beyond the scope of the models. Also, the question of whether ongoing growth creates instabilities through excessive use of ecosystems or environmental tipping points (Rockström et al., 2009; Steffen et al., 2015) cannot be studied, as the models of the monetary circuit do not include this sort of interaction.
In the stationary state, saving and investment net of depreciation have to drop to zero. In most OECD countries, average net saving rate and net investment in the last decade was above zero and a stationary state was (obviously) not attained (OECD, 2015a) . The stability analysis reveals that consumption out of wealth is relevant for the stability of the stationary state. Unfortunately, Cooper and Dynan (2016, p. 50) argued that 'macroeconomic data have offered limited insight into the relationship between household net worth and consumption.' They summarized empirical research that the marginal propensity to consume (MPC) out of wealth (thus for the last unit of wealth) is between 3 and 10 percent, while Slacalek (2009, p. 26) found that 'marginal propensities to consume out of wealth typically range between 1 and 5 cents' per dollar of additional wealth in the 16 industrialized countries studied.
Just for the sake of the argument, let us assume that the empirically determined marginal propensity to consume (thus for the last unit of wealth) is equal to average propensity to consume out of wealth as it is done in all these models. If consumption out of wealth was 1% per year, an attracting stationary state can be reached if the interest rate is smaller than the model-dependent threshold that lies between 1% and 5%, as derived from figure 3. A reasonable parametrization can lead to a model without a stable stationary state. Note that the model by Berg et al. (2015) yielding 1% is the one without any immediate consumption out of interest and profits, which is not supported empirically (Hartwig, 2014) . If consumption out of wealth is higher than 1% as in other countries, the interest rate admissible for a stable stationary state rises more or less proportionally.
The models may nevertheless exclude factors that are possibly important: First, interaction between banks or distributional effects among households are neglected. Second, all the models assume that consumption out of wealth is proportional to wealth, which means that average and marginal propensity to consume are identical, which is disputable, see section 3.2. We have shown that this is a central assumption for reaching stationary states in the models, and consumption rising less than proportionally could invalidate the related arguments. Third, the models by Jackson and Victor (2015) and Godley and Lavoie (2012, ch. 10) are the only ones which actually include banks, but their analysis showed that integrating minimum bank liquidity ratios, reserve and equity requirements or banks profits do not change the big picture, as GDP in the stationary state is independent of the corresponding parameters. In the stationary state, banks distribute all the profits they make to the households and do not build up equity. This may exclude behavior relevant for establishing a monetary growth imperative, an idea addressed in section 4.
Retained Profits of the Banking Sector
Some authors locate the growth imperative not within decisions of consumers, but in the fundamental connection between investment, credit creation, and profits: Investments would only be funded by credit if expected profits exceed the market interest rate. Because businesses have to pay more money back than they received, every business is forced to grow. Therefore, economic growth is no side effect but requirement of a monetary economy (Biervert and Held, 1996; H. C. Binswanger, 1991 H. C. Binswanger, , 1996 Paul, 2012) : a positive rate of economic growth is necessary to avoid contraction of the economy, while a stationary state would be impossible, because zero growth would reduce capital value, lead to losses and to a lack of investment demand. The different circular flow models by Beltrani (1999) , H. C. Binswanger and Beltrani (2009, 2013) , M. Binswanger (2009 Binswanger ( , 2015 , Gilányi (2015) , and Johnson (2015) seem to confirm this reasoning.
The models were assigned by Johnson (ibid., p. 602) to the tradition of the Theory of the Monetary Circuit (TMC) (Graziani, 1989 (Graziani, , 1994 . TMC addresses explicitly the following questions: "Where is all the money going? Where do all the money come from?" (Chesnutt, 2012, p. 1) . It 'involves a temporal perspective', 'step by step, after money creation, economic activity appears in the circuit and makes possible relationships between macroeconomic agents' (Accoce and Mouakil, 2007, p. 68) .
All models discussed here are formulated in discrete time
Vereinigung für Ökologische Ökonomie · Discussion Paper 1/2016 with representative agents. Production and sales are assumed to fall into different periods, and therefore enterprises have to pre-finance production via credit. The only real capital stock modeled are inventories. In every period, consumers spend all they receive to buy out the stock of inventories. As we will show, a growth imperative exists in these models because of the assumption that private banks distribute only a fraction < 1 of their profits even if their liabilities do not increase. We will present the different modeling approaches first and discuss them jointly in section 4.4.
The Model by Beltrani 1999
The dissertation of Beltrani (1999) is probably the first explicit model of a monetary growth imperative. The role of the banking sector can be summarized as follows: δ denotes variable costs in the financial sector and r the interest rate, while r − δ is profit per unit of credit (p. 139). For the financial sector to be profitable, this has to be bigger than zero (p. 140). The resulting profit has to be retained, because equity capital and reserves of banks have to rise according to statutory provisions (p. 132) such as minimum reserves and equity capital regulations (p. 177). The profit will be kept as hoarded money (p. 139, 165) because other investments are ruled out (p. 181), resulting in money vanishing from circulation (p. 132). The latter is stated to be responsible for the growth imperative (p. 165). In the simple model (pp. 113-170), the minimal growth rate w of a stable growth path is calculated to be w > r − δ (p. 158, with b ≥ 0 according to p. 138). As long as r > δ, the financial sector is profitable, increases its hoarding of money, and a growth imperative persists (p. 165). The more general model (pp. 171-300) is much more complex, but the relevant relations remain unchanged and the minimal growth rate w again drops to zero if and only if r = δ (p. 260, eq. 6.66-67).
The Model by H. C. Binswanger and Beltrani 2009, 2013
The model presented by H. C. Binswanger and Beltrani (2009, 2013) can be summarized as follows: The only capital stock are inventories valued at production costs of the previous period. In each period, firms sell inventories of value C t = K t−1 . Capital stock K t is financed by borrowed capital (K B t ) and equity (K E t ). Investment I t = K t − K t−1 can also be differentiated into equity funded I E t and borrowed I B t . In every period, the firms pay interest on borrowed capital zK B t−1 to the banks, dividends D t (consisting of net profit G t minus equity increase I E t ) and production costs K t = K t−1 +I t to the households. The production costs are equal to the new value of inventories C t . The banks receive interest payments by the businesses (interest rate z on borrowed capital K B t−1 ) and distribute it partially as dividends and wages to households. The remaining earnings are retained by 'a transfer of funds from sight [or checking] deposits, which represent money, to the equity capital which does not represent money' (2013, p. 131) . Therefore, 'a portion of money is constantly removed from circulation ' (2013, p. 131) . The payout fraction of the banks is denoted with b, the share of money leakage to banks' capital accordingly 1−b. As 'banks must make a profit in order to stay in business ' (2013, p. 139) , they distribute only a fraction b < 1 of profits to households. This formulation does not distinguish clearly between accounting profit and economic profit (Mankiw and Taylor, 2011) . Full distribution b = 1 is compatible with positive accounting profit, but means zero economic profit. The households consume all they receive, namely K t + brK B t−1 + D t in exchange for inventories C t . Firms therefore receive K t + brK B t−1 + D t but spend K t + rK t−1 + D t which is higher if b < 1 because banks retain earnings. Finally, the stock of inventories of firms is increased by I t = K t − K t−1 , while their stock of money is reduced by (1 − b)rK 
Models in the Tradition of M. Binswanger 2009
In the paper by M. Binswanger (2009) recently discussed by M. Binswanger (2015) , Gilányi (2015) , and Johnson (2015) , the 'economy is modeled from a circular flow perspective, and, except for real capital (a stock), it includes only flow variables' (M. Binswanger, 2009, p. 711) : In every period, firms pay out dividends to households as a fraction (1 − r) of the profits Π t−1 of the previous period, while the rest rΠ t−1 is retained earnings. Similarly, banks pay out bzL t−1 with L t−1 credit volume, z interest rate and b payout ratio. Firms realize depreciation dK t−1 , get new credit L t that is used together with retained earnings to fund investment and wages that both end up as wage income of households. Households spend all their income L t + Π t−1 + bzL t−1 for consumption which constitutes the only income of firms. Firms receive L t + Π t−1 + bzL t−1 while they spend Π t−1 + L t + zL t−1 which is higher because banks retain earnings (b < 1).
The retained earnings to increase bank equity lead to a 'net removal' of money from circulation, one of the joint foundations of all four papers (M. Binswanger, 2015, p. 658) : "Banks have to increase their capital on the liability side of their balance sheet (equity and reserves) along with the increase in loans, as a certain fraction of loans (a risky asset) must be covered by owners' capital. Therefore, a portion of banks' income is not put back into circulation but is used to increase banks' capital, which does not represent money." Profits of firms in the stationary state are negative if this removal is not compensated by ever increasing borrowing www.voeoe.de / dp1
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According to M. Binswanger (2015, p. 654) , 'all loans are paid back at the end of the period and, therefore, all money is destroyed again'. It remains unsettled how it is possible for firms to repay the debt if they are not able to obtain sufficient liquidity because banks remove it from circulation. By tracking the flows of money through the economic circuit, Gilányi (2015, p. 594) shed light on this question and showed that this is possible only if the total money supply in the economy is constantly shrinking by Binswanger (2015, pp. 651-2) replied that 'the money flows, which matter, are the ones that lead to income and expenses in the business sector', but agreed that the closure of the model requires 'positive net inflows of money into the economy'. Johnson (2015, p. 601 ) stated 'stock-flow inconsistencies in Binswanger's model' insisting that 'loans have to be treated as a stock', not as a flow. M. Binswanger (2015, pp. 652-5) replied that the latter 'is inconsistent with the idea of a circular flow model as in M. Binswanger (2009) ' and declared that 'my original model is not rooted in the SFC modeling tradition' and that there are 'no stocks of loans or of money in the model': 'loans are equal to the flow of money that is used for making payments during one period'. Johnson (2015) provided a stock-flow consistent reformulation of Binswanger's (2009 ) model. M. Binswanger (2015 refuted it as an 'inconsistent respecification of my model' and concluded that there still is 'confusion about details due to different timing assumptions, methods of modeling, and the definition of stocks and flows'. Surprisingly, a stock not modeled in any of the formulations of M. Binswanger (2009 Binswanger ( , 2015 , Gilányi (2015) , and Johnson (2015) is the equity capital of banks, despite its accented relevance.
Discussion
In the papers studied in section 4, the results of section 3 are irrelevant because households consume all they receive. The decisive reason for a growth imperative are retained profits of the banking sector. In these models, 'all money is bank money' (H. C. Binswanger and Beltrani, 2013, p. 131), M. Binswanger (2009, p. 717) speaks of a 'pure credit money economy.' Therefore, banks do not hold other assets than credit claims. The critique by Dittmer (2015, p. 14) , who underlined that M. Binswanger (2009) is based on a 'misunderstanding of bank capital' because it is incorrect to treat it as 'cash that sits idly in the bank's tills without being put to work in the economy' (Admati and Hellwig, 2013, p. 6) , misses the point because in a pure credit economy, 'cash' does not even exist. Credit money is a liability of the bank, and increasing bank capital in these models is only possible if debt claims to businesses persist, which follows from a balance sheet perspective (Wenzlaff et al., 2014, pp. 23-4) . Therefore, the increase in bank equity by hoarding credit money emitted by themselves (Beltrani, 1999, p. 165 ) and the 'transfer of funds from sight deposits, which represent money, to the equity capital which does not represent money' (H. C. Binswanger and Beltrani, 2013, p. 131) obscures the matter.
All the models in this section assume that money is removed from circulation to increase bank's capital, and therefore require 'positive net inflows of money into the economy'. If the net removal of money to increase bank's equity capital plays such a decisive role for deriving a growth imperative, it is imperative to integrate this variable into the model. Its omission corresponds to 'black holes' (Godley, 1996 , p. 7) of accounting inconsistency to be avoided in models of a monetary circuit. We are confident that this can reduce the 'confusion' stated by M. Binswanger (2015, p. 659) .
Not modeling the stock of equity of banks and the related flow of interest payments is a drawback common in the Theory of the Monetary Circuit (TMC): "As the accounting is analyzed, it appears that several, if not all, contributors to the TMC fail to take properly into account how banks' profits can be spent in the goods or the financial markets. In several models, interest payments on loans made from firms to banks are not accounted for as part of national income, and simply disappear, instead of being treated as a possible source of demand for goods and/or financial assets" (Zezza, 2012, pp. 155-6) . In our case, only a fraction of these interest payments disappear, but this does not invalidate Zezza's critique. He continued: "By ignoring the accounting and behavioural implications of interest payments, TMC models are usually characterized by a 'paradox of profits'." The negative profits realized in the TMC models on monetary growth imperatives are representatives of this paradox, as also stated by Johnson (2015, p. 602) .
The distinct sequence of events is a feature of many TMC models (Rochon, 2005, p. 126), and Beltrani (1999, pp. 124-5 ) considered this to be necessary for establishing a growth imperative. At the same time, stocks that may act as buffers to be used in the following period are very limited in all the models. It is methodologically questionable that such general and far-reaching results depend on a very specific model structure.
Apart from the problematic modeling, what about the theoretical foundation of a growth imperative? In all the models, the imperative stems from the net removal of money due to the fact that 'banks have to increase their capital on the liability side of their balance sheet (equity and reserves) along with the increase in loans' (M. Binswanger, 2009 Binswanger, , 2015 . Similarly, H. C. Binswanger and Beltrani (2013, p. 131) argued that 'equity capital of the banks must to a certain extent keep pace with the increase in debt, ' and Beltrani (1999, p. 177) cited statutory provisions such as equity and reserve requirements. But all authors construct their models such that bank's equity capital has to increase even if debt does not, which is a discrepancy between the authors' intention in their text and their actual model.
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If equity of banks was included as difference between their assets and their liabilities, one would realize that if all credits are redeemed, banks cannot have a positive (or even growing) equity capital, if no other assets are available in the model. Only if liabilities of firms towards banks rise (accounted on the asset side of banks' balance sheet), banks' equity capital can increase. If any sector continues to accumulate credit claims, this will always avoid the convergence to a stable stationary state. If liabilities of firms rise, their equity remains positive only if production grows. Rosenbaum (2015, p. 644) argued that in a non-growing economy, 'banks do not have to increase their equity' and hence the 'Binswanger model allows stable zero growth,' a conclusion valid for all models discussed in this section. This explains why the models by Jackson and Victor (2015) and Godley and Lavoie (2012, ch. 10 ) (see sections 3.3.4 and 3.3.5) that explicitly include reserve or equity requirements show no inherent growth imperative, because they assume that reserves or equity remain constant if liabilities do. If it is assumed that banks constantly retain earnings, this must be underpinned theoretically as the main reason for a growth imperative -which is (as we have shown) not done in these papers, because of a discrepancy between intention and model.
Results and Conclusions
To summarize, analyzing the different modeling approaches shows that no 'immanent' or 'systemic' growth imperative can be found within a monetary economy relying on credit money and positive interest rates. Our result is based on two main arguments:
Decisive for ongoing growth of the economy are saving and investment decisions of those receiving income, be it from interest or other sources. Therefore, compound interest alone cannot be responsible for a growth imperative. In general, if any model assumes permanent positive net saving or investment for certain agents, this necessarily renders a stationary state impossible. Monetary saving has to lead to debt accumulation elsewhere because the sum over monetary assets and liabilities has to be zero. Money may not be neutral, but the structure of the monetary system alone does not seem to cause a growth imperative, which would have been a very strong non-neutrality.
The stability analysis of five post-Keynesian models (section 3) yielded the following results: Depending on parameter values, the stationary state can be stable or not. If the model economy does not reach a stationary state, this is caused by a net saving ratio (and therefore net investment, see section 3.2) permanently above zero caused by saving decisions, not by a systematic, inescapable necessity. Net saving can drop to zero in a non-growing economy either by complete spending of income or (more plausibly) through parallel saving and dissaving. The higher the interest rate, the higher 'consumption out of wealth' has to be to compensate interest income. A first application of empirical data to the results of the stability analysis shows that interest rates between 1 and 5% may be high enough to prohibit convergence to a stationary state in some specific countries with a low marginal propensity to consume out of wealth, but interest rates can without a problem be even higher in most countries. Note that this numerical result is based on rough estimates and rather simple models.
The models in the tradition of Beltrani and Binswanger locating the growth imperative within retained profits of banks (section 4) have inconsistencies in their modeling of banks' capital. Additionally, they described in the text that banks' capital has to keep pace with the increase in debt, but they construct their models such that capital has to increase even if debt is constant. As both are critical assumptions for deriving the growth imperative, we claim that the models are refutable and should be revised.
The controversy whether positive interest rates are compatible with a stable stationary state therefore boils down to different assumptions about the consumption behavior of households and the distribution of profits by banks: If agents decide to steadily save part of their income, no stable stationary state can be reached. This is in line with proponents of the 'Monetary Circuit' arguing that 'the fundamental structural properties of economic equilibriumsuch as income distribution, the rate of accumulation, the rate of growth -are determined . . . by decisions of those agents who enjoy command over money' (Graziani, 1994, p. 274) . Based on this analysis, the term 'imperative' in terms of no room for maneuver does not seem to be justified: Investment or consumption parameters in the models reflect economic decisions and are not 'independent of the will' of the agents.
For future research, it is important to note that all these models do not investigate whether the monetary stationary state corresponds to an ecologically viable scale or socially favorable situation. Therefore, effects of distribution should be studied. Second, Rosenbaum (2015, p. 630) emphasized that in a Kaleckian growth model, 'zero growth can only be maintained if depreciation is added to the model' which allows for positive gross investment. Most of the models we studied did not include depreciation and nevertheless reached a stationary state, but this is due to the fact that investment was determined by sales (expectations), see section 3.2. If autonomous investment was added, this may change. Third, most models in sections 3 and 4 consider inflation to be negligible, which is questionable because a nominal growth imperative could be compatible with zero real growth. Fourth, the role of banks, their equity, and possible retained earnings needs further investigation, but it has to specified explicitly what banks do with these earnings, and why equity has to be increased independent of the will of the owners of the banks. Fifth, the remarks on the empirical plausibility of consumption functions and the numerical estimation of bifurcation thresholds undoubtedly could be refined. All this could provide additional insights into the www.voeoe.de / dp1
Vereinigung für Ökologische Ökonomie · Discussion Paper 1/2016 relation between economic growth and the monetary system. As consumption is determined by several factors such as income or wealth, it is not an exogenous variable such as government expenditure G, thus this equation is not very helpful. But as we know that in the stationary state, Y = G + C (eq. 10.13, p. 369), one can replace C by Y − G and solve for Y to get, while at the same time replacing i − Ψ by the real interest rate r and UC and p by using their definitions (eq. 10.10-11, p. 319): Here, r l is the interest rate for loans by firms. We use this corrected formula for the stability analysis in section 3.3.5.
